Objective This study aims to assess the regional variation and overall longitudinal prevalence of approaches to gastrostomy tube placement in patients covered by Medicare or Medicaid. Background Gastrostomy tubes are most commonly inserted endoscopically given the approaches' demonstrated safety, success, and patient outcomes as compared with laparoscopic approaches. Recently, the growth of interventional radiology services has provided patients with an alternative percutaneous approach. The safety and efficacy of this approach as opposed to endoscopic approaches has yet to be determined. Methods From 2005 to 2014, Medicare Standard Analytic Files derived from Medicare parts A and B, which contain 100% of inpatient and outpatient facility records billed to Medicare, were retrospectively analyzed. Age, sex, year of placement, region, comparative quarterly ratio, regional cost variation, and overall financial cost were compared between both cohorts. Results Our population included a total of 336,021 patients; of those, 30,327 patients underwent fluoroscopic guided procedures, and 305,694 patients underwent endoscopic procedures. Age (p < 0.001), region (p = 0.043), and year of placement (p < 0.001) varied significantly between these populations. Fluoroscopic-guided procedures were found to have a statistically significantly lower average cost of treatment compared with endoscopic gastrostomies ($2,018.62 vs. $2,471.33, respectively, p = 0.03). Conclusion This study demonstrates an increasing prevalence of fluoroscopically placed gastrostomy tubes as compared with those placed endoscopically.
Introduction
Gastrostomy tubes are commonly used to provide nutrition, hydration, and medication to patients with oral intake difficulties or patients with complex medical conditions who have functional gastrointestinal systems. 1 Although gastrostomy tubes have traditionally been placed using open surgical technique, since their introduction in the 1980s minimally invasive techniques including percutaneous endoscopic insertion and fluoroscopic guidance insertion have become adequate alternatives. [2] [3] [4] [5] Early studies of these minimally invasive techniques have reported high rates of success (99.2% for fluoroscopic, 95.7% for endoscopic) with significantly less major complications compared with open surgery (5.9% for fluoroscopic vs. 9.4% for endoscopic and 19.9% for open surgery). 6 Common complications noted in the literature include wound infections, hemorrhage, gastroesophageal reflux, aspiration pneumonia, and/or mechanical failure. [7] [8] [9] [10] Much of the existing literature on comparisons of endoscopic versus fluoroscopic gastrostomies is from outside of the United States or limited to single-institution or single-region analysis. 11 This study aims to summarize the cost and regional trends between endoscopic versus fluoroscopic gastrostomies nationally in patients covered by Medicare in the United States. 
Patients and Methods

Discussion
Our analysis of the 336,021 gastrostomy procedures from 2005 to 2014 indicates the growing prevalence of fluoroscopic guidance in gastrostomy placements compared with the traditional endoscopic approach. Fluoroscopic gastrostomy compared with endoscopic gastrostomy had a higher prevalence in southern and mid-western regions (45.5 vs. 40.1%, 22.1 vs. 19.9%, respectively). Previous literature has suggested the safety and efficacy of fluoroscopic gastrostomies with comparable complication and failures rates to endoscopic surgery. 7, 9, 10, [12] [13] [14] [15] [16] [17] An early randomized control trial by Hoffer et al evaluating 135 gastrostomy patients (66 fluoroscopic, 69 endoscopic) showed higher success rates and fewer incidences of postoperative complications (mainly in incidence of pneumonia) in the fluoroscopic cohort. 7 A more recent, retrospective, single-institution study by Allen et al evaluating the two gastrostomy approaches in patients with amyotrophic lateral sclerosis (ALS) showed significantly lower incidences of tube failure and postoperative aspiration in the fluoroscopic group compared with endoscopic group (1.9 vs. 15.7% failure; 0 vs. 10.5% postoperative aspiration). 17 Our evaluation of cost differences between fluoroscopic and endoscopic gastrostomies showed significantly lower average cost for patients undergoing fluoroscopic procedures ($2018.62 vs. $2,471.33, respectively, p = 0.03). An early study by Barkmeier et al of 121 gastrostomy patients found costs of successful fluoroscopic gastrostomy averaging $1,985 ± $418 compared with $1,862 ± $670 for percutaneous endoscopic tube placement. 18 Average cost was calculated as a sum of preprocedural, procedural, and postprocedural costs that included costs associated with imaging, intravenous sedation, and costs associated with follow-up management of the tubes. The higher cost associated with fluoroscopic gastrostomy was suggested to be due to the cost of imaging to document the tube position associated with the procedural cost. There was a 100% success rate for first-time tube placement for fluoroscopically placed tubes but only an 84% success rate for endoscopically placed tubes. All failed tubes subsequently underwent successful fluoroscopic placement. Cost of replacement was not included in their analysis. Furthermore, cost analysis by Hoffer et al also showed a 2.3 times higher average procedural cost for fluoroscopic surgery compared with endoscopic surgery (with average 57% greater Medicare reimbursement), which reflects the absence of room charge and shorter staff time requirements associated with endoscopic surgery. 7 Higher cost associated with fluoroscopic surgery was also attributed to a higher premium charge for fluoroscopic guidance. Interestingly, this cost difference was noted to be offset by cost of complications (endoscopic surgery was found to have higher complication costs associated largely due to additional length of stay). The comparable cost and safety of fluoroscopically guided gastrostomies suggest indications for the growing prevalence of these procedures in the interventional radiology suite.
Limitations
Administrative data allow for access to a large number of medical data files with long-term tracking of certain identifiers within the coding system. However, these data are usually meant for financial and administrative purposes rather than for research. The accuracy and detail of this data may be less reliable as it necessitates using diagnostic coding that relies on subjective interpretation of physician records by a medical reviewer.
Conclusion
This study demonstrates an increasing prevalence of fluoroscopically guided gastrostomies as compare endoscopic gastrostomies, with a greater prevalence of fluoroscopic procedures in the south and mid-western regions.
